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Abstract
Background and Objectives: Cymbopogon citratus (DC.) Stapf (family Poaceae) is a tropical lemon-scented perennial
grass commonly used, fresh or dried, in food and herbal teas. This study revealed that C. citratus different organs are
characterized by histological features distinctive to family Poaceae.
Methods and Results : Characteristic oil cells stained pink with Schiff's reagent were noticed particularly in the leaf and
culm. Scattered closed-type vascular bundles are observed in different organs. Graminaceous stomata and phytolith are
restricted to the leaf blade, leaf sheath, and culm. C. citratus leaf is featured by its remarkable epidermal structure
formed of long and short cells, bulliform cells, bundle sheath cells, as well, micro- and prickle-hairs that distinguished it
from other organs. Sclerenchyma as a mechanical support is observed in all the organs apart from the root. Also,
distinguishable non- glandular hairs are detected in the culm, rhizome, and constructs the epiblema structure in the root.
Conclusion: The detailed morphological and anatomical study presented here is crucial to discriminate various Cymbopogon species, ensure proper identiﬁcation of C. citratus (DC.) Stapf, and provide a valuable information for its herbal
monograph.
Keywords: Bulliform cells, Culm, Cymbopogon citratus, Epiblema, Graminaceous stomata, Oil cells, Sclerenchyma

1. Introduction
oaceae (Gramineae or grass family) is the ﬁfth
largest ﬂowering plant family [1] and the
second most assorted family among the monocotyledons for the past two thousand years [2].
Recently, a worldwide classiﬁcation of grasses stated
that Poaceae is divided into 12 subfamilies and
comprises ~768 genera and 11 500 species [3].
Grasses exhibit a cosmopolitan distribution among
all continents of tropical, temperate, and Arctic
zones [4]. Members of the family are annual or
perennial, herbaceous or woody, and they are usually terrestrial and free-standing rather than being
vines or aquatic plants. According to some studies
[5e7], the leaves of Poaceae plants are anatomically
characterized by graminaceous stomata; distinctive
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epidermal structure consisting of long and short
cells, besides various types of silica bodies; dermal
appendages such as macrohair, microhair and
prickle hair, in addition to papillae; enlarged bulliform cells restricted to certain epidermal regions;
scattered closed-type vascular bundles surrounded
by partial or complete bundle-sheath cells; and
sclerenchyma strands as a mechanical support that
is located on one side of the vascular bundle or as a
girder extending from either or both epidermises.
Furthermore, a piliferous layer bearing root hair, as
well as a discrete polyarch vascular system formed
of alternating xylem and phloem groups around a
central pith is noticeable in the root. Genus Cymbopogon Spreng comprises ~140 species [8,9] that are
native to tropical and subtropical Asian territories,
and it is cultivated in Africa, America, and other
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tropical countries. Cymbopogon term is of Greek
origin: kymbe owing to the boat-shaped spatheoles,
and pogon referring to the numerous awned inﬂorescences that resemble beard [10,11]. Different
Cymbopogon species were reported to be used in
perfumery, cosmetics, and pharmaceutical industries [12,13] owing to their highly valued essential oils. Regarding their inﬂuence on health
conditions, they were reported in folk medicine in
treating several complaints such as gastrointestinal
tract and nervous troubles [11,14], which were
experimentally supported by biological studies
[15,16]. Cymbopogon citratus is a perennial tropical
herb, noted as lemongrass on account of its lemon
fragrance. Herbal monographs are considered
fundamental in herbal material authentication all
over the African continent. A lot of information is
included to ensure the identity, efﬁcacy, safety, and
quality of selected herbs. Regarding the herbal
drugs’ identity, botanical investigation is considered
a crucial tool for the proper speciﬁcation and classiﬁcation among various herbal materials. Reviewing the literature, only few reports [17e19] have
mentioned preliminary botanical investigation of
leaves of C. citratus. In accordance with that signiﬁcance, an inclusive macroscopical and anatomical
investigation of different parts of C. citratus is
prompted in our study.

2. Material and methods
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3. Results and discussion
3.1. Morphological investigation of C. citratus
C. citratus (Fig. 1) is an evergreen, perennial grass
that has been introduced and cultivated in Egypt. It
is an aromatic plant with a characteristic lemonlike odor that grows up to 1.8-m tall and rarely
blooms.
3.1.1. The leaf
The leaf is differentiated into blade, sheath, and
adaxial ligule at the leafesheath junction. The blade
is simple, green, rough, and measures about
30e76 cm in length and 0.9e1.5 cm in width. It is
linear in shape with acuminate apex, scabrous entire
margin, parallel venation, and glabrous surface and
shows oil droplets on scratching. The adaxial surface is green, being darker than the abaxial side. The
mid-vein is inconspicuous on the adaxial side but
prominent on the abaxial one. The leaf sheath surrounds the culm, folds to give a cylindrical-like
appearance, and measures about 22e30 cm in
length and 3e5 cm in width. The adaxial side is
yellowish-green, whereas its abaxial side is green
with purple tinge color and shows parallel venation.
Both surfaces are smooth and glabrous to the naked
eye. The ligule is purplish-green, smooth, and
glabrous and is nearly 1e2-mm long. The leaf has
an aromatic lemon-like odor and an aromatic citrus
followed by a slightly bitter taste (Fig. 2aee).

2.1. Plant material
Different parts of C. citratus were collected from
the Medicinal, Aromatic, and Poisonous Plants
Experimental Station (Faculty of Pharmacy, Cairo
University, Giza, Egypt) and authenticated by Dr
Mohamed Gibali, Senior Botanist and Consultant
at Orman Botanic Garden (Giza, Egypt). The plant
material voucher sample (No. 19-5-2015) is
deposited at the Herbarium of Pharmacognosy
Department (Faculty of Pharmacy, Cairo
University).
2.2. Morphological and anatomical investigation
Fresh leaves, culms, rhizomes, and roots of C.
citratus were examined separately as fresh samples
that were captured using iPhone 6s phone camera
or after keeping in 70% ethanol containing 5%
glycerol, besides the ﬁne powder of air-dried parts,
which was investigated microscopically using Leica
DFC500 and Leica DM750 light microscopes (Wetzlar, Germany).

3.1.2. The culm
The culm is cylindrical in shape and consists of
yellowish-brown, rough nodes, and smooth, paleyellow internodes. It is solid, shows oil droplets on
scratching with a lemon-like aroma and slight
bitterness following the citrus taste, and measures
about 3.5e19 cm in length and 0.7e1 cm in width
(Fig. 2f and g).
3.1.3. The rhizome
The rhizome is short, solid, cylindrical with a
tapering end from which numerous roots arise. It is
rough, yellowish in color with brown scales, and
measures about 3.3e4.5 cm in length and 0.7e1.2 cm
in width. It has an aromatic lemon scent and taste
followed by a slight bitterness (Fig. 2f).
3.1.4. The root
The root is very ﬁne, cylindrical in shape,
yellowish-brown in color, glabros, and measures
about 5.5e20 cm in length and 0.1e0.3 cm in
diameter. It grows vertically, showing a rough
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Fig. 1. Photographs of Cymbopogon citratus. (a) Whole grass in habitat; (b) C. citratus entire plant.

surface, tiny thin rootlets, and has a characteristic
odor and taste (Fig. 2f and h).
3.2. Anatomical features of C. citratus
3.2.1. The leaf
The leaf blade: a transverse section through the
lamina and keel (mid-vein) regions (Fig. 3a) showed
a V-shaped outline with adaxial and abaxial epidermises enclosing the mesophyll. The keel is
conspicuously prominent to the abaxial surface
showing complex vascular system. A detailed leaf
blade section (Figs. 3 and 4) revealed the presence of
following layers: epidermises, mesophyll, keel, and
vascular tissue.

The adaxial and abaxial epidermises (Fig. 5) in the
costal (over the veins) and intercostal (between the
veins) regions are conspicuous showing different
types of cells, that is, long and short (single or paired
as silica and cork cells), microhair and prickle-hair,
along with distinct graminaceous stomata. The
costal zone (Fig. 5A1eA2 and B1eB2) is composed of
long and short cells covered with prickle hair. The
intercostal zone (Fig. 5A1, A3 and B1eB3) consists of
long cells separated by short cells, dumbbell-shaped
stomata, and covered with microhair.
The adaxial epidermis (Fig. 5A1eA3) is made up of
long cells devoid of papillae, few short cells, graminaceous stomata, and covered with microhair and
prickle hair. The long cells located between the veins

Fig. 2. Photographs of Cymbopogon citratus leaf, culm, rhizome, and root. (a) Whole leaf including blade and sheath; (b) blade adaxial surface; (c)
blade abaxial surface; (d) leaf apex; (e) leaf sheath; (f) culm and rhizome with attached roots; (g) culm; and (h) root.
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Fig. 3. Micromorphological features of Cymbopogon citratus leaf blade. (a) T.S. in leaf blade (low power); (b) T.S. in the keel mid-vein (high power);
(c) T.S. of the keel adaxial region (high power); (d), T.S. of the keel median vascular bundle (high power). ab.epi., abaxial epidermis; ad.epi., adaxial
epidermis; b.s.c., bundle sheath cell; ch., chlorenchyma; f., ﬁber; ke., keel; la., lamina; m.xv., metaxylem vessel; par., parenchyma cell; ph., phloem;
p.xv., protoxylem vessel; scl., sclerenchyma.

are polygonal, rectangular with thin straight to slightly
sinuous anticlinal walls (Fig. 5A1), whereas those beside the veins and interstomatal cells are horizontally
elongated, longer with sinuous walls and concave

ends (Fig. 5A2 and A3). The short cells are small,
polygonal, cubical in outline, and contain silica granules. They are more frequent over the veins; mostly
solitary, cross-shaped silica cells, or distributed in the

Fig. 4. Micromorphological features of Cymbopogon citratus lamina region. (a) T.S. in lamina region (low power); (b) T.S. in lamina middle region
(high power); (c) T.S. in lamina terminal region (high power). ab.epi., abaxial epidermis; ad.epi., adaxial epidermis; b.c., bulliform cell; b.s.c., bundle
sheath cell; ch., chlorenchyma; m.xv., metaxylem vessel; ph., phloem; p.xv., protoxylem vessel; scl., sclerenchyma.
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Fig. 5. Adaxial and abaxial epidermises of Cymbopogon citratus leaf blade. A1, blade adaxial epidermis; A2, costal zone of the adaxial epidermis; A3,
intercostal zone of the adaxial epidermis; B1, blade abaxial epidermis; B2, cork and silica cells in abaxial epidermis; B3, intercostal zone of the abaxial
epidermis; B4, short cells in abaxial epidermis; B5, papillae in abaxial epidermis. c.c., cork cell; co.zo., costal zone; i.c., interstomatal cell; int.zo.,
intercostal zone; l.c., long cell; mi.h., micro-hair; pap., papillae; pr.h., prickle-hair; sh.c., short cell; si.c., silica cell; st., stomata.

form of two to three cells along one another (Fig. 5A2).
Graminaceous stomata are infrequent, dumbbellshaped, arranged in single row beside the veins,
separated by one or two interstomatal long cells apart
and surrounded by dome-shaped to triangular subsidiary cells (Fig. 5A3). Micro-hair are few, short,
bicellular showing an inﬂated basal cell and shorter
tapering distal one (Fig. 5A1), covered with a smooth
cuticle and located in the intercostal zone. Prickle-hair
are frequent over the veins with elongated swollen
bases, sharply pointed tips, and thick walls (Fig. 5A1
and A2).
The abaxial epidermis (Fig. 5B1eB5) resembles the
adaxial epidermal structure with few differences;

long cells are shorter (Fig. 5B1eB3) and covered with
small, thin-walled, two-celled spherical papillae
(Fig. 5B5); short cells are small, polygonal, cross or
dumbbell-shaped containing phytolith (silica
bodies), found either solitary (Fig. 5B1 and B3),
paired (silica and suberized cork cells) (Fig. 5B2), or
arranged in a row of short cells (Fig. 5B4); numerous
graminaceous stomata (Fig. 5B1); and microhair
frequently located between the veins (Fig. 5B2).
The mesophyll (Figs. 3 and 4) consists of parenchyma, bulliform, chlorenchyma, and bundle-sheath
cells except that occupied by the sclerenchyma and
vascular bundles. It is considered of panicoid type
where chlorenchyma radiates distinctly around each

Fig. 6. Oil cells in Cymbopogon citratus leaf blade stained with Schiff's reagent. (a) T.S. showing oil cell in lamina region; (b) oil cell in abaxial
epidermis; (c) abaxial epidermis showing oil droplets. ab.epi., abaxial epidermis; ad.epi., adaxial epidermis; o.c., oil cell; o.d., oil droplet.
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Fig. 7. Micromorphological features of Cymbopogon citratus leaf sheath. (a) T.S. in the sheath (low power); (b) T.S. in keel region (low power); (c) T.S.
in lamina region (low power); (d) T.S. in keel mid-vein (high power); (e) vascular bundle in the keel (high power). ab.epi., abaxial epidermis; ad.epi.,
adaxial epidermis; b.s.c., bundle sheath cell; f., ﬁber; ke., keel; la., lamina; lys.cav., lysigenous cavity; m.xv., metaxylem vessel; par., parenchyma cell;
ph., phloem; p.xv., protoxylem vessel; scl., sclerenchyma; v.b., vascular bundle.

vascular bundle. Bulliform cells are large translucent
cells that occur in irregular groups toward lateral sides
of the adaxial surface. Vascular bundles are found as a
large median bundle in the keel and lateral smaller
bundles in the lamina. Sclerenchyma girders are

either extended from the abaxial side of the median
and small vascular bundles or from both sides of the
large bundles. Oil cells are apparent as red-purple
color on staining with Schiff's reagent [20,21] between
abaxial vascular bundles of the lateral veins (Fig. 6).

Fig. 8. Adaxial and abaxial epidermises of Cymbopogon citratus leaf sheath. (a) Sheath adaxial epidermis; B1, costal and intercostal zones of the
abaxial epidermis; B2, intercostal zone of the abaxial epidermis; B3, costal zone of the abaxial epidermis; B4, abaxial epidermis showing prickle hair,
silica and cork cells; B5, microhair in the abaxial intercostal zone. c.c., cork cell; co.zo., costal zone; i.c., interstomatal cell; int.zo., intercostal zone; l.c.,
long cell; mi.h., micro-hair; pr.h., prickle-hair; sh.c., short cell; si.c., silica cell; st., stomata.
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The keel (Fig. 3) is conspicuous, rounded, and
contains one large median vascular bundle with six
smaller lateral bundles on both sides. The ground
tissue consists of 7e10 rows of angular compact
thick-walled parenchymatous cells interrupted on
the adaxial side by small masses of straight to
slightly wavy ligniﬁed ﬁbers with narrow to wide
lumina and tapering apices. The abaxial sclerenchyma girder is formed of 8e12 rows of elongated
thick-walled ligniﬁed pitted cells.
The vascular tissue (Figs. 3 and 4) is made up of
rounded, conjoint, collateral, and closed vascular
bundles with different sizes in the keel region and
lateral veins. Keel bundles are seven in number: one
large median bundle and six lateral bundles to the
median one, that embedded abaxially in the sclerenchyma girders. In the lateral veins, ﬁve to six
medium-sized bundles are located with adaxial and
abaxial sclerenchyma girders. Small-sized bundles
are located between keel and lateral bundles with
abaxial sclerenchyma girders. Vascular bundles are
single sheathed, and their structure is consistent.

Each bundle consists of metaxylem and protoxylem
vessels with spiral, annular, and pitted thickenings,
besides a prominent circular mass of phloem, formed
of sieve tubes and companion cells. The number of
vessels differs among the bundles; three wide metaxylem and two protoxylem vessels in the median one,
whereas two metaxylem and two to four protoxylem
vessels in other bundles. Structure of the bundle
sheath is also distinguished, where largest bundles
showed thick ligniﬁed pitted sclerenchyma, and
smaller bundles showed chlorenchyma interrupted
adaxially or abaxially by thick ligniﬁed girders, and
the small-sized bundle sheaths are complete
chlorenchyma.
The leaf sheath: a transverse section through the
sheath (Fig. 7a) showed a folded outline with adaxial
and abaxial epidermises enclosing the mesophyll
and a slightly prominent keel toward the abaxial
surface (Fig. 7b).
The adaxial epidermis (Fig. 8a) showed polygonal
rectangular cells with slightly sinuous anticlinal
walls, covered with smooth cuticle and scarcely

Fig. 9. Microscopical elements of Cymbopogon citratus powdered leaf. ann.xv., annular xylem vessel; bl.ab.epi., blade abaxial epidermis; bl.ad.epi.,
blade adaxial epidermis; f., ﬁber; lig., ligule; pap., papillae; par., parenchyma cell; phy., phytolith; pr.h., prickle hair; pi.xv., pitted xylem vessel; scl.,
sclerenchyma; sh.ab.epi., sheath abaxial epidermis; sh.ad.epi., sheath adaxial epidermis; spi.xv., spiral xylem vessel; xv., xylem vessel.
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separated by graminaceous stomata. The abaxial
epidermis (Fig. 8B1eB5) consisted of costal and
intercostal zones, interrupted by dumbbell-shaped
stomata (Fig. 8B1), covered with microhair and
prickle-hair (Fig. 8B4 and B5), similar to those found
in the blade. Both zones are constructed from long
and short cells. Long cells being rectangular, elongated with sinuous anticlinal walls and short cells

being small, mostly cross-shaped to dumbbell-shaped or elongated and contain silica granules. Short
cells are either solitary (Fig. 8B2), paired silica and
cork cells (Fig. 8B3 and B4) or arranged in rows
(Fig. 8B3). Stomata are enclosed by dome-shaped to
triangular subsidiary cells (Fig. 8B4). Microhair are
frequent (Fig. 8B5) while prickle hair are few
(Fig. 8B4).

Table 1. Microscopical measurements (in mm) of the leaf, culm, rhizome and root of Cymbopogon citratus.
Elements
Leaf
Blade adaxial epidermis
Short cells
Long cells
Blade abaxial epidermis
Short cells
Long cells
Sheath adaxial epidermis
Sheath abaxial epidermis
Short cells
Long cells
Stomata
Micro-hair
Prickle-hair
Parenchyma cells
Sclerenchyma
Keel ﬁbers
Xylem vessels
Ligule cells
Phytolith
Culm
Epidermal cells
Stomata
Nonglandular hair
Parenchyma cells
Sclerenchyma
Fibers
Xylem vessels
Phytolith
Pitted wood parenchyma
Starch granules
Rhizome
Epidermal cells
Short cells
Long cells
Nonglandular hair
Parenchyma cells
Sclerenchyma
Fibers
Xylem vessels
Starch granules
Pitted wood parenchyma
Root
Epiblema cells
Root hair
Cortical parenchyma
Tracheids
Xylem vessels
Fibers
Pitted wood parenchyma

Length

Width

Height

Diameter

5e7e10
33e60e107

7e10e13
7e17e23

7e10e13
37e93e133
53e87e120

7e10e13
7e10e13
20e23e30

8e13e17
75e115e167
13e20e33
50e54e58
64e68e91
71e277e385
118e247e282
386e933e1467
e
45e95e150
42e52e62

8e13e17
15e17e21
3e7-e3
7e8e9
18e21e27
69e123e200
13e18e23
11e21e27
e
10e13e15
13e17e21

7e21e32
29e32e36
121e229e293
123e127e131
99e148e184
221e224e226
e
67e72e134
16e25e36
e

18e21e36
7e11e14
7e11e13
65e67e69
12e19e24
6e8e11
e
22e25e28
7e11e16
e

7e11e14
50e79e121
150e235e400
50e91e175
182e331e406
535e540e545
e
e
24e38e62

14e18e21
14e21e29
15e17e18
28e40e54
14e18e31
8e10e12
e
e
16e28e38

e
e
e
e
e
e
e

e
e
e
e
e
e
17e22e58
2e4e6
e

117e123e169
100e169e178
184e197e211
270e280e285
e
545e553e733
119e138e200

23e38e44
8e9e11
32e42e53
18e20e24
e
7e9e15
19e28e31

20e25e28
e
e
e
e
e
e

e
e
e
e
31e54e77
e
e

14e19e21
e
e
8e11e13

4e7e9
4e5e7

e
e
e
e
e
e
e
e
e
7e9e11

e
e
e
e

e
e
e
e
e
e
e
e
e
e
e
18e25e50
e
e
e
e
e
e
e
e
20e30e41
e
e
1e2e3

4e5e6

It's the mean of the measurements usually applied for Microscopical measurements.
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The mesophyll (Fig. 7) is occupied by parenchymatous cells except vascular bundles, sclerenchyma,
and ﬁber regions.
The keel (Fig. 7a, b and d) is slightly conspicuous
toward the abaxial side. Ground tissue constituted
14e16 rows of angular to rounded thin-walled
parenchymatous cells, interrupted by small masses
of adaxial ﬁbers with straight walls, wide lumina,
and tapering apices. Sclerenchyma patches are
apparent toward the abaxial surface.
Vascular bundles (Fig. 7) are rounded, conjoint,
collateral, closed of different sizes and embedded in
elongated, thick, ligniﬁed, and pitted sclerenchyma.
Those located in the keel region are about ﬁve to
seven large bundles and eight to nine smaller bundles located in between the large ones. Each bundle
consists of two to four metaxylem and two to three
protoxylem vessels with spiral, annular, and pitted
thickenings, besides a prominent circular mass of
phloem that consists of sieve tubes and companion
cells. The lower protoxylem is non-functional known
as protoxylem lacuna (lysigenous cavity). Vascular
bundle sheaths are single, made up of translucent
parenchymatous cells, whereas small bundles are
linked abaxially with sclerenchyma girders.
Powdered leaf (Fig. 9): the leaf powder is green in
color with aromatic lemon-like odor and slightly

bitter citrus taste. It is characterized microscopically by the presence of blade adaxial and abaxial
epidermises showing straight to slightly sinuous
long cells separated by graminaceous stomata;
polygonal rectangular cells with few graminaceous
stomata in the sheath adaxial surface; long sinuous
cells interrupted by short cells (elongated, crossshaped and dumbbell-shaped) and graminaceous
stomata in the sheath abaxial side; numerous
prickle-hair with swollen base, sharply pointed tips
and thick-walls; small two-celled spherical papillae
arranged in rows; sclerenchyma with thick ligniﬁed
pitted walls; thick-walled and thin-walled parenchymatous cells of the blade and sheath ground
tissues; fusiform ﬁbers with straight to slightly
wavy ligniﬁed walls, narrow or wide lumina, and
tapering apices; ligniﬁed xylem vessels with
annular, spiral, and pitted thickenings; and elongated rectangular cells of ligule with slightly
sinuous anticlinal walls, and fragments of phytolith. Microscopical measurements of different elements are recorded in Table 1.
3.2.2. The culm
A transverse section in the culm (Fig. 10a) is circular in outline, constructed from an epidermal
layer followed by a fundamental parenchymatous

Fig. 10. Micromorphological features of Cymbopogon citratus culm. (a) T.S. in the culm (low power); (b) epidermis and outer zone of the ground tissue
(high power); (c) sclerenchyma in the ground tissue outer zone (high power); (d) peripheral vascular bundles (high power); (e) central vascular
bundles (high power). epi., epidermis; g.t., ground tissue; m.xv., metaxylem vessel; n.g.h., nonglandular hair; par., parenchyma cell; ph., phloem;
p.xv., protoxylem vessel; scl., sclerenchyma; v.b., vascular bundle.
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Fig. 11. Microscopical elements of Cymbopogon citratus powdered culm. ann.xv., annular xylem vessel; epi., epidermis; f., ﬁber; n.g.h., nonglandular
hair; par., parenchyma cell; phy., phytolith; pi.w.par., pitted wood parenchyma; pi.xv., pitted xylem vessel; ret.xv., reticulate xylem vessel; scl.,
sclerenchyma; spi.xv., spiral xylem vessel; st., stomata; str.gr., starch granule; xv., xylem vessel.

ground tissue ﬁlling most of the section except that
occupied by the scattered vascular bundles.
The epidermis (Fig. 10a, b and 11) consists of one
row of compactly arranged cubical-shaped, rectangular to quadrangular cells, covered with smooth
cuticle and separated by graminaceous stomata
owning dome-shaped subsidiary cells. It showed
silica bodies and nonglandular unicellular hair.
The ground tissue (Fig. 10aed and 11) is formed
of several layers of thin-walled parenchymatous
cells. It consists of two zones (outer and central).
The outer zone cells contain oil droplets (pink with
Schiff's reagent) and simple starch granules (blue
with iodine), interrupted by patches of thick ligniﬁed sclerenchyma (Fig. 10c), and its inner most
layer is made up of vascular bundles with nonligniﬁed xylem vessels (Fig. 10d). Meanwhile,
several scattered vascular bundles constructed the
central zone.
The vascular tissue (Fig. 10a and e) showed
numerous, widely distributed and irregularly

scattered vascular bundles throughout the central
ground tissue. They are circular in shape, conjoint,
collateral, and closed. The bundles are of different
sizes; the smaller being restricted to the periphery
and the larger located toward the center. Each
bundle is composed of xylem, a compact mass of
phloem, and sclerenchyma surrounding the phloem
particularly in the small bundles. The xylem is
formed of vessels, ﬁbers, and parenchyma. The
vessels include two to six metaxylem and 2e16
protoxylem vessels with annular, spiral, pitted, and
reticulate thickenings. Wood ﬁbers are thick, ligniﬁed with tapering apices, and wide lumina. Wood
parenchyma are polygonal, thick, and pitted. The
phloem consists of sieve tubes and companion cells
and occupies the vascular bundles’ core.
3.2.3. Powdered culm
The culm powder is yellow in color with aromatic
citrus odor and taste followed by a slightly bitterness (Fig. 11). It is distinguished microscopically by
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Fig. 12. Micromorphological features of Cymbopogon citratus rhizome. (a) T.S. in the rhizome (low power); (b) epidermis and ground tissue outer zone
(high power); (c) starch granules in parenchymatous cells (high power); (d) band of sclerenchyma in the ground tissue (high power); (e) rhizome
vascular bundle (high power). epi., epidermis; g.t., ground tissue; m.xv., metaxylem vessel; n.g.h., nonglandular hair; par., parenchyma cell; ph.,
phloem; p.xv., protoxylem vessel; scl., sclerenchyma; str.gr., starch granule; v.b., vascular bundle.

the presence of rectangular to quadrangular
epidermal cells separated by graminaceous stomata;
nonglandular unicellular long hair covered with
smooth cuticle; thin-walled parenchyma cells;
numerous starch granules that stained blue with
iodine; sclerenchyma with thick ligniﬁed pitted
walls; thick straight fusiform ﬁbers with tapering
ends and wide lumina; xylem vessels with spiral,
annular, reticulate, and pitted ligniﬁcation; and
polygonal thick ligniﬁed pitted wood parenchyma,
and phytolith fragments. Microscopical measurements of the culm diagnostic elements are listed in
Table 1.
3.2.4. The rhizome
A transverse section in the rhizome (Fig. 12a) is
circular in outline. It shows an outer epidermis
enclosing a predominant parenchymatous ground
tissue except that occupied by the sclerenchyma and
vascular bundles.
The epidermis (Fig. 12a, b and 13) comprises a
single row of cubically shaped cells, covered with
smooth cuticle. It is made up of long cells and solitary short cells. The long cells are polygonal, rectangular with sinuous walls, whereas the short cells
are cross-shaped. Moreover, nonglandular unicellular, bicellular, and multicellular hair (Fig. 13) arise

from the epidermal cells and covered with smooth
cuticle.
The ground tissue (Fig. 12aed) is formed of
several layers of thin-walled parenchymatous cells
that contain simple starch granules (Figs. 12c and
13). Similarly, to the culm, the tissue includes outer
and central zones. The outer zone is parenchymatous that is interrupted by patches of ligniﬁed sclerenchyma, and its most inner layer is a continuous
band of thick ligniﬁed pitted sclerenchyma (Fig. 12a
and d). Distinctively, numerous vascular bundles
are scattered throughout the central zone.
Vascular bundles constructed the vascular tissue
(Fig. 12a, d and e). They are considerable, variously
sized, irregularly distributed, and the largest bundles being occupied in the center. The bundles are
circular, conjoint, and collateral. Each bundle consists of xylem, a compact mass of phloem (sieves
tubes and companion cells) in the core, besides
being surrounded partially or completely by sclerenchyma. Xylem is composed of vessels, ﬁbers, and
parenchyma. There are one to ﬁve metaxylem and
one to six protoxylem vessels of different thickenings (annular, spiral, pitted, and reticulate). Wood
ﬁbers are ligniﬁed with tapering apices and narrow
lumina. Wood parenchyma are polygonal, thick,
and pitted.
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Fig. 13. Microscopical elements of Cymbopogon citratus powdered rhizome. ann.xv., annular xylem vessel; epi., epidermis; f., ﬁber; n.g.h., nonglandular hair; par., parenchyma cell; pi.w.par., pitted wood parenchyma; pi.xv., pitted xylem vessel; ret.xv., reticulate xylem vessel; scl., sclerenchyma; spi.xv., spiral xylem vessel; str.gr., starch granule; xv., xylem vessel.

3.2.5. Powdered rhizome
The rhizome powder is yellowish-brown in color
with an aromatic lemon-like odor and citrus
slightly bitter taste (Fig. 13). It is microscopically
identiﬁed by fragments of epidermal cells with
sinuous rectangular elongated and cross-shaped
short cells; numerous nonglandular unicellular,
bicellular, and multicellular hair; thin-walled parenchyma cells; simple starch granules that stained
blue with iodine; thick ligniﬁed pitted sclerenchyma; fusiform ﬁbers with tapering ends and
narrow lumina; annular, pitted, reticulate, and
spiral ligniﬁed xylem vessels; and polygonal thick
ligniﬁed pitted wood parenchyma. The measurements of microscopical elements are recorded in
Table 1.
3.2.6. The root
A transverse section in the root (Fig. 14a) is
circular in outline. The root is bounded externally
by a piliferous layer or epiblema (Fig. 14a, b and
15). It consists of two rows of tangentially

elongated, radially arranged rectangular thin-walled cells, covered with smooth cuticle, and
conspicuously bearing numerous unicellular
smooth root hair. Hypodermis (Fig. 14aec) is a
layer following the epiblema that includes two to
three rows of thick-walled parenchymatous cells,
surrounding a relatively wide cortical tissue lined
with a distinct endodermis. The cortex (Fig. 14a, c
and d) is nearly seven to nine rows of thin-walled
rounded parenchymatous cells traversed by large
intercellular cavities. A single ring of cubically
shaped distinct cells constituted the endodermis
(inner most later of cortex). The pericycle (Fig. 14a
and d) is multilayered (three to four layers) of
thick-walled parenchymatous cells that surround
the vascular tissue. Alternated xylem vessels and
phloem patches built up the vascular strand or
cylinder (Fig. 14a, d and e). Vascular bundles are
radial, collateral, and closed, besides being exarch;
protoxylem vessels set outward and that of metaxylem set inward. Metaxylem vessels are numerous
up to 24 vessels, rounded to oval in shape and
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Fig. 14. Micromorphological features of Cymbopogon citratus root. (a) T.S. in the root (low power); (b) epiblema and hypodermis (high power); (c)
hypodermis and cortical tissue (high power); (d) pericycle (high power); (e) vascular strand and pith (high power). co., cortex; end., endodermis; epib.,
epiblema; hyp., hypodermis; i.c., intercellular cavity; m.xv., metaxylem vessel; per., pericycle; ph., phloem; pi., pith; p.xv., protoxylem vessel; r.h., root
hair.

Fig. 15. Microscopical elements of Cymbopogon citratus powdered root. epib., epiblema; f., ﬁber; par., parenchyma cell; pi.w.par., pitted wood
parenchyma; pi.xv., pitted xylem vessel; r.h., root hair; ret.xv., reticulate xylem vessel; tr., tracheid.
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arranged in a conspicuous ring around the central
parenchymatous core. The phloem consists of sieve
tubes and companion cells. The xylem is formed of
vessels, tracheids, parenchyma, and ﬁbers. Vessels
are ligniﬁed with pitted and reticulate thickenings.
Tracheids are elongated with pitted ligniﬁed walls.
Wood ﬁbers are fusiform with straight thick walls
and wide lumina. Wood parenchyma are rectangular with thick ligniﬁed pitted walls. The pith
constituted the core (Fig. 14a and e), is relatively
narrow, and parenchymatous of thin-walled
rounded cells.
3.2.7. Powdered root
The root powder is yellowish brown in color with
characteristic odor and taste (Fig. 15). It is microscopically speciﬁed by fragments of elongated rectangular thin-walled epiblema cells; unicellular root
hair arising from the epiblema; cortical thin-walled
parenchymatous cells; pitted and reticulate ligniﬁed
xylem vessels; rectangular pitted ligniﬁed wood
parenchyma; elongated tracheids with ligniﬁed
pitted walls; straight fusiform ﬁbers with acute
apices; and wide lumina. Measurements of root
microscopical elements are listed in Table 1.

4. Conclusion
Botanical proﬁling of different parts (leaf, culm,
rhizome and roots) of C. citratus (DC.) Stapf clariﬁed
the main characteristic features of family Poaceae
and deﬁned criteria for its authentication and differentiation from other Cymbopogon species. The
obtained results are crucial for further construction
of integral data for a proper monograph about the
plant.
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